nel blockers, and angiotensin-converting enzyme inhibitors were withheld for at least 48 h before the investigation. Patients whose blood pressure was greater than 150/90 mmHg before the arterial study were excluded. All subjects underwent a complete history, physical examination, and laboratory tests to exclude renal, hepatic and hematological disease and clinically significant CAD. Written informed consent was obtained from all subjects and the protocol was approved by the local ethics committee.
Study Protocol
After a 12-h overnight fast, blood samples from the subjects were taken for the measurement of fasting lipid and lipoprotein levels. Supine blood pressure was measured and brachial artery reactivity was then assessed. Next, all subjects received a fat-loading test meal (40 g of OFTT cream per square meter of body surface area (342 kcal/ 100 g); Jomo Food Industry, Takasaki, Japan). Four hours after the test meal, blood samples were again taken for the measurement of postprandial lipid and lipoprotein levels, and brachial artery reactivity was reassessed. The concentrations of total cholesterol (TC), TG, HDL-C, glucose and RLP-C were measured in both the fasting (0h) and postprandial (4 h) blood specimens. LDL-C was calculated using the Friedewald's equation 23 (LDL-C = total cholesterol -HDL-C -TG / 5). As previously described, 24 the subjects with a postprandial serum RLP-C level greater than 7.5 mg/dl were classified as high responders and those with a RLP-C level less than 7.5 mg/dl were treated as normal responders. The test meal had a water content of 58.0%, fat 35.0%, protein 2.6%, carbohydrates 4.1% and minerals 0.3%. The fat content comprised 64.3% saturated, 29.3% monounsaturated and 3.5% polyunsaturated fatty acids.
Brachial Endothelial Function Study and Analysis
Brachial artery ultrasound studies were performed in a dark, quiet, temperature-controlled laboratory. All subjects rested in the supine position for at least 10 min before the studies. We used a high-resolution ultrasound machine (Model SSA-380A; Toshiba Co Ltd, Tochigi-Ken, Japan) equipped with a 7.5-MHz linear artery transducer. The limit of axial resolution was 0.1 mm. Longitudinal scans of the right brachial artery were obtained proximal to the antecubital fossa with the probe positioned so that the best images were obtained.
The method of assessing endothelium-dependent and independent dilation has been described previously. 1, 8, 9 Endothelium-dependent vasodilation was determined by the maximal change in the diameter of the brachial artery during reactive hyperemia, which was created by placing a cuff on the forearm and inflating it to 200 mmHg for 5 min, thereby occluding blood flow to the forearm. Arterial flow velocity was measured using a pulsed Doppler signal in the center of the vessel at baseline and during the first 15 s of reactive hyperemia. A second baseline scan of the brachial artery diameter was performed after the 10-min cuff deflation. To assess the endothelium-independent vasodilation, 1.25 mg of isosorbide dinitrate (ISDN) was then administered sublingually by one puff of a spray device (Nitrol; Eisai Co Ltd, Tokyo, Japan). The peak diameter change during reactive hyperemia occurred approximately 1 min after cuff deflation and 3 min after ISDN, so these were the time points used in this study. Three sequential end-systolic frames taken at the end of the T wave on the ECG for each intervention were digitized at baseline, during reactive hyperemia, at repeat baseline and after sublingual ISDN. Brachial artery diameter was measured manually from the intima -lumen interface on the posterior wall to the mediaadventitia interface on the anterior wall. Thus, the values of flow-mediated dilatation (FMD) and ISDN-induced dilatation were expressed as the percent diameter change of the brachial artery in response to reactive hyperemia and ISDN. An average of 3 consecutive measurements was taken for each condition.
Biochemical Measurement of Plasma RLP-C Concentration and Other Parameters
The RLP-C assay has been described previously. 17, 25 The immunoaffinity mixed gels contained specific monoclonal antibodies, anti-apo A-1 and anti-apo B-100, conjugated to Sepharose 4B (JIMRO-II; Japan Immunoresearch Lab Co Ltd, Takasaki, Japan) for RLP separation. A 5-l sample of serum was added to 300 l of RLP separation gel and the unbound fraction (RLP) was used to assay cholesterol (Determiner L TC; Kyowa Medix Co Ltd, Tokyo, Japan). The normal range of RLP-C during the fasting state in this assay was less than 7.5 mg/dl. 24 Serum TC, TG and HDL-C were analyzed by enzymatic methods (Determiner LTC, Determiner LTG, Determiner LHDL-C, Kyowa Medix). Apolipoprotein A1, B and E were measured by TIA method (N-assay TIA, Nittobo, Tokyo, Japan). Glucose was measured by quick-auto NeoGLU-HK 7070 (Shinotest, Tokyo, Japan).
Statistical Analysis
Statistical analysis was performed for the comparison of 2 groups and between fasting and postprandial levels in each group using the analysis of parameter variance, followed by 2-tailed unpaired and paired t tests. Simple and/or multiple regression analysis was used to assess the relation between basal (fasting) FMD and the other variables. Significance was accepted at the 95% confidence interval (p<0.05). Descriptive values are presented as the means ± standard deviation.
Results
Baseline characteristics of the study subjects are shown in Table 1 . There were no significant differences in age, gender, blood pressure or fasting levels of glucose, lipid and apolipoprotein between the 2 groups. There were no significant changes in the postprandial levels of TC, HDL-C and glucose ( Table 2 ). The postprandial level of both TG and RLP-C was elevated significantly and was above the normal range in the high responders, whereas in the normal responders, the postprandial RLP-C level was also significantly elevated, but remained within the normal range. The changes in both the TG and RLP-C levels between the fasting and postprandial state were significantly higher (p<0.0001) in the high responders (TG 9.2±16.1 mg/dl, RLP-C 0.7±0.8 mg/dl in the normal responders; TG 47.5± 20.3 mg/dl, RLP-C 3.3±0.7 mg/dl in the high responders).
Simple linear regression analysis showed a strong correlation between the changes in TG and RLP-C levels (r=0.786, p<0.0001).
The results of the arterial study are shown in Table 3 . Both the baseline diameter of the brachial artery and the hyperemic brachial flow response were comparable between the 2 groups. The basal (fasting) FMD of the brachial artery in the high responders (4.3±3.0%) was significantly lower than that in the normal responders (8.3±2.4%) (p< 0.01), but FMD was not affected by fat-loading in either group (4.2±2.8% in the high responders; 8.6±2.4% in the normal responders). ISDN-induced dilatation did not differ significantly between the 2 groups or between the pre-and post-fat-loading values in each group.
Simple linear regression analysis for the relation between basal FMD and the other variables in all subjects is shown in Table 4 . Basal FMD correlated inversely with the change in RLP-C levels between fasting and 4 h after fat-loading (r=-0.588, p<0.01), but not with that in TG (Fig 1) . ISDNinduced dilatation revealed no significant correlation with any of the variables listed in Table 4 . Multiple regression analysis of brachial reference diameter, blood pressure, the change in RLP-C levels by fat-loading, and postprandial TG levels showed that a change in RLP-C level (r=-0.488, p<0.02) and brachial reference diameter (r=-0.377, p<0.05) were the determinant factors for basal FMD (Table 5) .
Discussion
The present study assessed the relationship between postprandial repeated elevation of TRL remnants (RLP-C) and the development of endothelial dysfunction in fasting normolipidemic subjects. We found that postprandial RLP-C elevation was induced by regular fat loading, not by high fat loading. In addition, FMD correlated significantly with the change in RLP-C levels between fasting and 4 h after fat loading. These findings suggest that repeated postprandial RLP-C elevation might impair endothelium-dependent vasodilatation even in individuals with normal fasting levels of lipids.
Remnant Lipoproteins as Atherogenic TG-Rich Lipoproteins
TRL remnants of both intestinal and liver origin are thought to play an important role in atherogenity, 13, 14, 20 but they have been difficult to isolate and measure until recently when it became possible to measure TRL remnants as RLP-C using 2 monoclonal antibodies (anti-apo A-I and anti-apo B-100). 17 This method can isolate RLP for apo Erich VLDL particles containing apo B-100 together with chylomicron remnants containing apo B-48, neither of which binds to the immunoaffinity gel. The biochemical characteristics of RLP are consistent with those of remnant TRL. 15, 25 Moreover, RLP may cause an increase in oxdative stress, leading to transcriptional activation of the gene (DNA-binding NF-B) in endothelial cells. 26 Vakkilainen et al reported that small LDL particles, as a cause of endothelial dysfunction, act merely as a surrogate marker of TRL associated with hypertriglyceridemia over a long period, and that the remnants of TRL may actually be more important in the progression of atherosclerosis. 27 Thus, it appears that the remnants of TRL are actually more important in the progression of atherosclerosis. 16, 19, [28] [29] [30] [31] 
Fat-Loading and Postprandial Hyperlipidemia
The postprandial state continues for more than 12 h daily in most individuals, so the postprandial TRL level may play a more important role in atherogenesis rather than the fasting level. 14, 20 Recent studies of postprandial hyperlipidemia 6,21,22 used high fat meals (50-80 g of fat) and evaluated TG metabolism, whereas in the present study we divided the subjects into high and normal responders according to their RLP-C response to fat loading using a regular fat meal (mean of 24 g fat). The mechanisms responsible for RLP-C elevation might be reduced activity of lipoprotein lipase itself, 18, 19, 32, 33 apo E receptor phenotype 34 and hyperinsulinemia or insulin resistance. 18, 33, 35, 36 In particular, insulin resistance with dyslipidemia characterized by postprandial hyperlipidemia is part of the so-called metabolic syndrome, 35, 36 and has been reported to be an indicator of coronary and systemic artery atherosclerosis. 37, 38 RLP-C elevation after oral glucose ingestion was observed in patients with impaired glucose tolerance accompanied by insulin resistance. 39 They may be a close association of insulin resistance with postprandial RLP-C elevation in the present study population, but as we did not assess insulin resistance, the mechanism of postprandial RLP-C elevation remains uncertain.
Endothelial Dysfunction and Postprandial Hyperlipidemia
Endothelial dysfunction of the peripheral arteries has been well established in patients with coronary risk factors or overt CAD [3] [4] [5] [6] [7] [8] and is closely related to the development of CAD. 1,2 Thus, the identification of peripheral endothelial dysfunction is desirable for assessment of coronary artery vasoactivity, and FMD in the brachial artery is a sensitive, nitric oxide-dependent, index of endothelial function. 8 The relation between TG elevation induced by fat loading and endothelial dysfunction has been described by Vogel et al 21 who reported an inverse relationship between the mean change in postprandial FMD at 2, 3 and 4 h togehter with a 2 h change in TG level after a high fat meal. Evans et al 6 suggested that attenuation of endothelial function by postprandial hypertriglyceridemia was the result of exaggerated oxidative stress. In the present study, FMD was not directly affected by fat-loading in either group. The fat-loading meal used in the present study was equivalent to the daily intake from a regular Japanese meal and the change in TG levels was relatively less compared with the previous studies. 6, 21, 22 The lack of a direct effect on FMD might be caused by insufficient oxidative stress. The previous study using high fat-loading (200 g of OFTT cream per body) in healthy volunteers showed that RLP-C levels remained high even 8 h after fat loading and did not return to fasting levels. 34 However, the objective of those investigations 21, 22 was to evaluate the direct effect of high fat meals, such as 'fast food' meals, on endothelial function, whereas our aim was to assess the chronic effect of repeated RLP elevation on endothelial function associated with the daily fat intake from regular meals.
The basal FMD in the high responders was significantly lower than that in the normal responders and the close relationship (r=0.786) between the changes in TG and RLP-C levels during fat loading support the hypothesis that postprandial RLP-C elevation can be partially assessed by the postprandial TG elevation. However, FMD correlated inversely with the change in RLP-C levels, not with the TG levels. Multiple regression analysis including reference diameter and blood pressure showed that the change in RLP-C levels was the major determinant factor of basal FMD. These findings suggest the significance of measuring postprandial RLP-C for evaluation of endothelial function.
Kugiyama et al 31 reported that RLP might impair endothelial function in human coronary arteries and suggested that high levels of fasting RLP led to a decrease in coronary nitric oxide bioactivity. The present findings suggest that high levels of postprandial RLP-C also have the same effect.
Study Limitations
Although the number of subjects enrolled was relatively small, the baseline values of the 2 groups were comparable. Abnormal endothelial function has been reported in patients with diabetes mellitus, 6 hypertension 3,4 and hyperlipidemia, 7, 27, 28, 31 and although the present study included patients with mild hypertension all of them had their blood pressure well controlled with medication and all antihypertensive agents were withdrawn before participation in the study. In addition, patients with blood pressure greater than 150/90 mmHg before the arterial study were excluded. Simple and multiple regression analysis revealed that blood pressure had less correlation than the change in RLP-C levels for determining FMD. We excluded patients with diabetes mellitus or overt hypertension, and all subjects were normolipidemic in the fasting state. We are confident that the effects of glucose metabolism and blood pressure on endothelial function were minimal in the present study, but as we did not assess insulin resistance, further investigations of the relation between postprandial RLP metabolism and insulin resistance are necessary.
The reproducibility of the brachial endothelial function study in our laboratory was as follows. The intraobserver variability of the brachial artery diameters when measured on a separate occasion was 0±0.10 mm and the interobserver variability in measuring the brachial artery diameter from digitized frames was 0.02±0.09 mm. Therefore, the observed difference in FMD does not appear to have been a methodological variation.
Conclusions
The findings of the present study indicate that the repeated postprandial elevation associated with the fat intake of a regular Japanese meal leads to endothelial dysfunction and therefore RLP-C levels should be tested by fat-loading even in patients with fasting normolipidemia.
